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 ABSTRACT 
 The loss of Louisiana’s coastal wetlands has mandated the construction of 
diversion structures for reintroduction of a portion of the Mississippi River into 
Louisiana’s coastal region for slowing or reversing marsh deterioration.  The Davis Pond 
Freshwater Diversion Structure allows for a section of the Mississippi River water to be 
reintroduced into Louisiana’s Barataria Basin.  The reintroduced Mississippi River water 
contains elevated levels of nitrate and other nutrients from agricultural runoff primarily 
from the upper reaches of the Mississippi River drainage basin. These elevated nitrate 
levels have raised questions of possible eutrophication effects on Louisiana estuaries.  
The purpose of this study is to monitor changes in concentration of nutrients as the 
diverted Mississippi River input moves across a 9300 acre (3800ha) of ponded, 
freshwater marsh.  Three sampling sites, inlet, outlet, and Lake Cataouatche, were 
established at the Davis Pond diversion and samples were collected during various 
discharge or pulsing events.  Change in nutrient concentrations were measured between 
the inlet and the outlet of the ponded freshwater marsh.  Results of the study show 
efficiency that NO3-N removal was affected by discharge rate entering the ponded marsh.  
Discharge rates of 35m3/s showed that the system effectively removed NO3-N 
concentrations in diverted river water that were greater than 1 ppm.  In contrast, in the 
month of December, a high discharge rate, even thought nitrate was removed, a 
significant portion of the NO3-N passed straight through the ponded system introducing a 
large amount of Nitrate-N into the lake Cataouatche.  Results of the study indicate that 
the Davis Pond Freshwater Diversion acted conservatively in relation to phosphorus with 
only a small amount removed.  The ponded wetland system acted as a source for 
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ammonia and organic carbon. ICP and Standard Tests for Irrigation Water analyses 
proved all tested nutrient elements to fall within the low to medium or high to medium 
when compared to threshold range.  Assessments of the capacity of the system to process 
and assimilate nutrients in diverted Mississippi River water is multifold and longer term 
evaluations must be performed in order to adequately assess the future capacity of 
freshwater marsh to process nutrients.   
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CHAPTER 1: INTRODUCTION 
1.1 Review of Literature 
The Mississippi River watershed is the largest in the Unites States comprised 
mainly of the Ohio, Missouri, and Mississippi Rivers. This watershed represents 41% of 
the area of the contiguous 48 states.  The Mississippi River accounts for about 90% of the 
freshwater input into the Northern Gulf of Mexico. (Mitsch & Day, 2001)  Over the last 
200 years, the drainage basin has undergone massive transformations developing into 
what is described as “the body of the nation’s breadbasket” referring to the fact that it 
holds more than half of the nation’s farmland. (Turner and Rabalais, 1991)  As a result, 
increases in the United States’ population have made changes in nutrient levels and 
morphology in the Mississippi River inevitable.  Furthermore, widespread landscape 
alterations in the watershed, anthropogenic additions of nitrogen and phosphorus 
primarily from agricultural practices, along with major alterations in the morphology of 
the main river channel have resulted in dramatic water quality changes during the 20th 
century (Turner and Rabalais 1991). The reduction of excess nitrate could aid in limiting 
hypoxia on the continental shelf of the northern Gulf of Mexico, a seasonally severe 
problem that has persisted for decades.   
Leveeing of the Mississippi River over the past century has prevented major 
course changes, the functioning of inland distributaries and changes in distributaries, 
distributary’s switching, and annual over bank flooding. Consequently, Louisiana 
marshes no longer receive a direct supply of fluvial sediment sufficient enough to 
counteract rapid subsidence (Swanson and Thurlow, 1973) or freshwater nutrients to 
improve marsh conditions.  This has ultimately caused Louisiana to experience an 
abundance of wetland loss, making it a major environmental issue.  Subsidence is a 
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primary factor in marsh deterioration; however, accompanying factors such as saltwater 
intrusion and excess water-logging create stress conditions for marsh vegetation by 
reducing the amount of organic carbon below the minimum requirement for maintaining 
the marsh surface elevation at a high enough level to support an adequate growth of 
marsh vegetation ( DeLaune and Patrick, 2003). In Louisiana, salt threatened marshes 
must vertically accrete through organic matter and sediment accumulation to keep pace 
with relative sea level changes (Kennish, 2001; Hatton, 1983; Nyman, 1990).  Along the 
Louisiana Coast, marsh accretion has generally not been rapid enough to balance relative 
sea level rise (Boeschm, 1994; Callaway, 1997; Reed 1989; DeLaune, 1978).  As a result, 
when the sea level rises, salt water will extend farther upstream and inland causing marsh 
vegetation to die.  In addition, saltwater intrusion also affects fauna and freshwater 
supplies, and accelerates wetland loss.  The high rate of sea level rise is a critical problem 
facing the deltaic plain. The deltaic plain is generally characterized by interdistributary 
marshes separated by abandoned Mississippi River distributary channels.  In the deltaic 
plain, being shifting courses of the Mississippi River led to the deposition of sediments. 
These sediments deposited to the west of the deltaic plain, being transported westward by 
flowing near shore currents, and eventually deposited as mudflats.  Because of the 
subsidence of these sediment deposits, the current rates of relative sea level change are as 
high as 1.0 cmyr-1 due to isolation from the Mississippi River.   
Wetlands contain biologically active soil or sediment where frequent, sustained 
water saturation inhibits the diffusion of oxygen into the soil for all or a portion of the 
year.  Wetlands are generally transition zones between terrestrial landforms and water 
bodies. They have features resembling both uplands, because of their ability to support  
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emergent plants, and aquatic systems, because of the dominant role of water in the system 
(Patrick, 1979).   
Wetlands ecosystems are characterized by water saturated sediments and high 
biological productivity.  These characteristics are key to their functional capacity to retain 
and transform nitrogen via retention in vegetative biomass, retention in sediments via 
organics deposition, and formation of gaseous N2 and N2Ovia microbial denitrification 
(Johnston, 1991).  Wetlands depend on continued sediment additions from rivers as well 
as the accumulation of organic matter produced by resident plants to remain above sea 
level in the rapidly subsiding environment of the delta (Nyman, 1990; DeLaune, 1992).  
Organic matter in wetland soils consists of dead plant and animal residues, and living 
organisms.  The fluctuating water levels of wetlands control the oxidation-reduction 
conditions that occur in wetland soil.  When wetland soil is dry, microbial and chemical 
processes use oxygen as the electron acceptor.  Oxygen released from wetland plant roots 
oxidizes the rhizosphere (root zone) and promotes processes requiring oxygen, such as 
organic compound breakdown, decomposition, and nitrification to occur (Steinberg and 
Coonrod 1994). When wetland soil is saturated with water, microbial respiration, 
biological, and chemical reactions consume available oxygen. This shifts the soil from an 
aerobic to an anaerobic, or reduced, condition. Under anaerobic conditions, electron 
acceptors other than oxygen must be used for microbial respiration. These acceptors are, 
in order of microbial preference, nitrate, manganese, ferric iron, sulfate, and organic 
compounds (Patrick 1979).  These redox conditions governed by hydro periods play a 
key role in the following: nutrient cycling, availability, and export; pH; vegetation 
composition; sediment and organic matter accumulation; decomposition and export; and, 
metal availability and export (Patrick 1979).   
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Excess nitrogen and phosphorus in runoff are dominant pollutants of streams and 
water bodies flowing through wetlands.  These two nutrients are involved in a number of 
reactions after they enter wetland systems. They can either be removed or decrease in 
concentration, or they can be relatively unchanged in concentration with approximately 
the same amount going out as comes in (Patrick, 1979).  Nitrogen and phosphorus are 
usually lower in concentration in water leaving the wetland than in water coming into the 
wetland. Although chemical reactions are important in removing these pollutants, 
especially for phosphorus, microbial processes play an important role in their removal 
(Patrick, 1979).   
 Phosphorus is a major nutrient, essential for plant and animal nutrition. 
Phosphorus is often limiting in agricultural soils and is commonly applied as a fertilizer 
to increased crop production.  All forms of phosphorus, soluble, adsorbed, precipitated, 
and organic phosphorus, have been shown to be susceptible to transport from soils to 
adjacent streams and water bodies (Poe 2003).  Water flowing across the soil surface can 
dissolve and transport soluble phosphorus or erode and transport particulate phosphorus. 
Soluble phosphorus can be either inorganic or organic, while particulate phosphorus 
generally consists of finer-sized particles and lighter organic matter (Sparks 1995).  
Transport of soil phosphorus occurs primarily via surface flow, although the leaching and 
subsurface lateral flow of phosphorus can also be a concern in soils with high degrees of 
phosphorus saturation and artificial drainage systems (Sparks 1995).  These artificial 
drainage systems shorten the movement of water and dissolved solutes that would 
normally percolate slowly through the soil to groundwater and eventually discharge, 
through base flow, to surface water.  
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Phosphorus can enter wetlands with suspended solids or as dissolved phosphorus. 
Significant quantities of phosphorus associated with sediments are deposited in wetlands 
(Walbridge and Struthers 1993).  Wetlands along rivers have a high capacity for 
phosphorus adsorption because as clay is deposited in the floodplain, aluminum (Al), and 
iron (Fe) in the clay can react with soluble phosphate contributing to adsorption and 
precipitation reactions (Gambrell 1994). The potential for long-term storage of 
phosphorus through adsorption in wetland soils is greater than the maximum rates of 
phosphorus accumulation possible in plant biomass (Walbridge and Struthers 1988; 
Johnston 1991).  There is a limit to the amount of phosphorus that can be adsorbed due to 
adsorption sites becoming saturated with phosphorus. The capacity for phosphorus 
adsorption by a wetland, however, can be saturated in a few years if low amounts of 
aluminum and iron or calcium are present (Richardson 1985) and little additional 
sedimentation is occurring. Wetland soils can reach a state of phosphorus saturation, after 
which phosphorus may be released from the system (Richardson 1985).  The precipitated 
phosphorus diffuses from the wetland soil and reenters surface waters if the wetland is 
drained and becomes acidic. Even the phosphorus stored in organic matter may become 
soluble if the soil is drained and mineralization of organic matter and release of 
phosphorus takes place (Patrick 1979).  Phosphorus is removed from the water column in 
wetlands through plant uptake (phosphorus removal by plant uptake and storage is about 
.02 to .2 grams per meter square per year) (C.J. Richardson, 1985), immobilization by 
microorganisms into microbial cells during decomposition of plant material low in 
phosphorus, adsorption by aluminum and iron oxides and hydroxides, and precipitation 
with cations such as calcium, aluminum, magnesium and iron.  Thus floodplains prove to 
be important sites for phosphorus removal from the water column (Struthers, 1993).  
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Dissolved phosphorus is processed by wetland soil microorganisms, plants, and 
geochemical mechanisms (Walbridge and Struthers, 1993).  Microbial removal of 
phosphorus from wetland soil or water is rapid and highly efficient; however, following 
cell death, the phosphorus is released again. Similarly, for plants, litter decomposition 
causes a release of phosphorus. Burial of litter in peat can, however, provide long term 
removal of phosphorus. Harvesting of plant biomass is needed to maximize biotic 
phosphorus removal from the wetland system according to Patrick 1979 (Figure 1.1). 
 
Figure 1.1 The Phosphorus Cycle.  The Removal And Transport Or Transformations Of 
Phosphorus.  Modified From Parker, 2000.  
 
 Nitrogen is the major nutrient limiting plant growth in agriculture and natural 
ecosystems including wetlands.  Managing agricultural systems receiving nitrogen 
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(Kovacic, 2000).  Agricultural nitrogen sources are a potential pollutant which can enter 
wetlands.  If a wetland system is managed properly, a very large amount of incoming 
nitrogen can be processed and through denitrification sent back to the atmosphere as 
nitrogen gas (Patrick 1979).  It is desirable that the system function in a way that only a 
limited amount of the gaseous nitrogen is nitrous oxide.  Nitrous oxide is a greenhouse 
gas and an artificial wetland should be managed in a way that conversion to elemental 
nitrogen is favored. This can be accomplished by insuring that an anaerobic zone (no 
oxygen zone) exists in the soil that reduces enough to convert the nitrate to nitrogen gas 
(Patrick, 1979).   
 Wetlands processing of nitrogen can decrease the transport of nitrogen to 
downstream water bodies. Denitrification can serve as a significant sink for nitrogen 
entering wetlands adjacent to agricultural areas.  In wetland soils with aquatic vegetation, 
nitrification-denitrificaiton reactions are reported to occur in the rhiziosphere (Reddy, 
1986).  The majority of nitrogen entering wetlands is transformed by the biological and 
chemical processes of the nitrification/denitrification process in the nitrogen cycle.  These 
processes cause between 70% and 90% of the nitrogen to be removed (Reilly, 1991; 
Gilliam, 1994).  Worldwide average removal rates of nitrogen through denitrification 
from wetlands is in the range of 20 to 80 grams per square meter per year (Poe 2003).  
Nitrogen in wetlands is removed through two main biologically mediated pathways. 
Primary production by macrophytes and benthic microalgae temporarily immobilizes 
nitrogen , whereas permanent nitrogen  removal occurs via denitrification.  
Denitrification is carried out principally by facultative anaerobic heterotrophic bacteria 
(Knowles 1990). Denitrification is carried out by certain microorganisms in anaerobic 
conditions using NO3- as the terminal electron acceptor. Therefore, denitrification is an 
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important component of the nitrogen cycle in wetlands as it lessens the impact of 
excessive nitrogen loading to downstream aquatic systems (Saunders and Kalff, 2001).   
 Nitrous oxide is produced by nitrification, denitrification and dissimulatory 
reduction of NO3 to ammonia (Seitzinger, 1990).  Nitrous oxide (N2O) contributes about 
4% of the total greenhouse gases, and is considered to be 200 times more effective than 
CO2 as a greenhouse gases (Gambrell, 2003). Wetland restoration will potentially alter 
the location of N2O production through denitrification, causing the amount of N2O in the 
atmosphere to decrease globally.  Denitrification is the major source of N2O in anaerobic 
or reducing wetland soils (DeLaune et al., 1998).  It results in the loss of NO3- as it is 
converted to gaseous nitrous oxide (N2O) and molecular nitrogen N2 in wetlands.  
Ammonium nitrogen is the primary form of mineralized nitrogen in most flooded wetland 
soils and is often the primary initial form of nitrogen fertilizer. Mineralization is the 
conversion of organic forms of nitrogen to inorganic forms (Reddy, 1976).  There are two 
important subprocesses, one being Ammonification, the initial conversion of organic 
nitrogen to NH4. Because of anaerobic conditions in wetlands soils, NH4+ would 
normally be restricted from further oxidation levels were it not for the thin oxidized layer 
at the surface of many wetlands soils. The gradient between high concentrations of NH4+ 
in the reduced soils and low concentrations in the oxidized surface layer causes the 
ammonium to diffuse upward very slowly. As ammonia diffuses to the surface, the 
bacteria Nitrosomonas can oxidize it to nitrite. The bacteria Nitrobacter oxidizes nitrite to 
nitrate. This process is called nitrification, the oxidation of NH4+ to NO3-. NO3- is a 
negative ion, therefore not subject to immobilization by the negatively charged soil 
particles and has an increased mobility in solution. This is why it discharges so readily 
from agricultural fields, because it is not assimilated immediately by plants or microbes. 
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In wetlands, plants and microorganisms can assimilate nitrate, which is the utilization of 
NH4+ and NO3- by plants to form organic nitrogen compounds in plants. Anaerobic 
bacteria may reduce nitrate (denitrification) to gaseous nitrogen (N2) when nitrate 
diffuses into anoxic (oxygen depleted) water.  Denitrification, the conversion of NO3- to 
N2, results in the volatilization of N2 and the nitrogen is eliminated as a water pollutant. 
Thus, the reduced and oxidized conditions of different zones in wetlands, coupled with 
the diffusion of ammonia and nitrate, complete the needs of the nitrogen cycle and 
maximize denitrification rates (Johnston, 1991) (Figure 1.2). 
1.2 Water Quality 
Increased urbanization, industrialization, and modern agricultural practices in the 
Mississippi valley have altered water quality.  Nitrogen and phosphorus levels have been 
increased by human activities.  These human activities included the application of 
nitrogen fertilizer to crops and lawns, biotic nitrite fixation by leguminous crops and 
pastures, the net import of nitrogen in food for human consumption, the net import of 
nitrogen in feed for livestock, wastewater treatment, and atmospheric deposition of 
inorganic nitrogen (nitrate and ammonia).  Precipitation has a great effect on the nitrate-
nitrogen exported from agriculture fields in the Mississippi River Basin, particularly in 
the case of nitrate-nitrogen discharge through subsurface drains (Mitsch & Day, 2001).  
Point sources of nitrogen include discharge from sewage treatment plants and industrial 
facilities. Nitrate also enters estuaries as runoff from forests, agricultural lands, and urban 
areas.  Municipal wastewater is the primary point source of nitrogen in US waterways. In 
the Mississippi River Basin, it accounts for an estimated .2 million metric tons per year of 
nitrogen discharge to streams and rives in the basin.   
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      Figure 1.2. Nitrogen transformations in wetland and aquatic environments.  
                          Day et. al.,1989. 
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The process of urbanization has resulted in hydrologic changes that increase surface 
runoff and erosion, and there are numerous anthropogenic sources of nutrients in urban 
areas.  Pollution has also occurred from atmospheric nitrogen from the emissions of 
nitrogen oxides from automobiles, urban and industrial sources, and ammonia emission 
from agricultural sources.  Increased phosphorus levels were the effect of agricultural 
runoff, domestic sewage treatment systems, urban storm water discharge, and industrial 
wastewaters.  Water bodies with naturally low phosphorus concentrations will therefore 
be highly sensitive to external inputs of phosphorus.   
Water quality in the Mississippi River has changed this century as a result of these 
watershed changes and increase in fertilizer application.  Nitrogen and phosphorus 
fertilizer use in the U.S. began in the mid 1930’s.  Prior, nitrite concentrations were 
observed to be annually constant.  The mean annual concentration of nitrate in the lower 
Mississippi River was approximately the same in 1905 through 1950, but has increased in 
the last 35 years beyond 2 million mt per year.  Hence, increases in nutrient 
concentrations, loadings of nitrate and phosphorus, and decreases in silicate have 
occurred in the Mississippi River this century, and have accelerated since 1950 (Turner 
and Rabalais, 1991, 1994).  Forty-two percent of the nitrogen fertilizer and 37% of the 
phosphorus fertilizer used annually in the United States from 1981 to 1985 was applied in 
states that are partially or completely in the Mississippi River watershed, where it equaled 
4.2 million mt of nitrogen and .53 million mt of phosphorus. The average annual nitrogen 
and phosphorus loading from both nitrogen and phosphorus into the Gulf of Mexico 
during the same period was 1.83-million mt nitrogen and .15 million mt phosphorus.  It is 
estimated, therefore, that a maximum 44% of the applied nitrogen and 28% of the applied 
phosphorus fertilizers in these states made its way to the Gulf of Mexico via the 
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Mississippi and Atchafalaya rivers (Turner & Rabalais, 1991).  Nitrogen fertilizer has 
reached a plateau in the last ten years, whereas phosphorus fertilizer use stabilized in 
1980 and then dropped slightly.  Nonetheless, data still shows that nitrate found in the 
Mississippi River has tripled since the 1940s (DeLaune et al, 2000). 
1.3 Wetlands 
Approximately 80% of all coastal wetland losses in the United States occur in 
Louisiana (Boesch, 1994) with an estimated 3,950 km2 of coastal lands in Louisiana 
having degraded to open water since 1930 (Dunbar, 1992).  Louisiana currently loses 
between 25 and 35 square miles of coastal marsh yearly (Britsch and Dunbar, 1993).  
Given that hydrology plays a primary role in determining wetland structure and function, 
alterations to the hydrologic regimen can significantly affect these natural processes, 
resulting in impaired wetland functioning and decreased wetland loss (Mendelssohn, 
1999).  Louisiana has suffered dramatic losses of wetlands because of isolation from the 
Mississippi River due to land subsidence, elimination of riverine input to most of the 
coastal zone because of construction of flood control levees along the Mississippi River, 
altered wetland hydrology, saltwater intrusion, wave erosion along exposed shorelines, 
and relative sea level rise (Boesh, 1994). 
1.4 Wetland Function 
In recent years, studies have shown that wetland areas have many beneficial uses. 
Some of the important functions of wetlands include aiding in improvement of water 
quality, flood control, storm abatement, influencing the amount of greenhouse gases in 
the atmosphere, protecting unique species of plants and animals, and support of the food 
chain.  Wetlands are among the most fertile and productive ecosystems in the world. 
They control water cycles and help clean up our environment. About two-thirds of US 
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shellfish, commercial, and sports fisheries rely on the coastal marshes for spawning and 
nursery grounds (Addision, 2002).  They also encourage plant growth by preventing 
waters from becoming overly-rich in nutrients and poor in oxygen. Wetlands have the 
ability to filter sediments and pollutants out of water, maintaining water quality.  
Wetlands have the ability to remove toxic heavy metals from incoming water by 
sedimentation or by precipitating metals onto clays and organic fractions of the soils.  
Wetlands may be a sink for, or transform nutrients, organic compounds, metals, and 
components of organic matter (Patrick, 1990). Wetlands may also act as filters for 
sediments and organic matter. A wetland may be a permanent sink for these substances if 
the compounds become buried in the substrate or are released into the atmosphere 
(Patrick, 1990). A wetland may also retain them during the growing season or under 
flooded conditions. Wetland processes play a vital role in the global cycles of carbon, 
nitrogen, and sulfur by transforming, releasing them into the atmosphere, or burying them 
(Gambrell, 2003).  Wetlands store carbon within peat and soil. Storing carbon is an 
important function within the carbon cycle, particularly given observations of increasing 
levels of carbon dioxide in the atmosphere and concerns about global warming.  
Microbial decay of plant and animal material has always generated huge quantities of 
carbon dioxide. Wetlands tend to accumulate organic matter and permanently isolated it 
by continuous burial.  When wetlands are drained, the oxidizing conditions increase 
organic matter decomposition, thus increasing the release of carbon dioxide. When 
wetlands are preserved or restored, the wetlands act as a sink for carbon since organic 
matter decomposition is stable or slowed.  Another greenhouse gas that is controlled by 
wetland conditions is methane (CH4) which contributes about 20% of the greenhouse gas 
effect (Gambrell, 2003). 
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1.5 Davis Pond Diversion Structure 
There has been a dramatic increase in public appreciation of the values and 
functions Louisiana wetlands provide.  Due to this, state and federal agencies have 
proposed new techniques in the restoration of wetlands.  In order to slow or restore 
wetland loss, the state has constructed a series of freshwater diversions to reintroduce 
Mississippi River freshwater nutrients and sediments.  There are currently six diversions 
being operated in the U.S. and two of them are in the state of Louisiana with an 
additional one under construction.  Projects located at Bonne Carre Spillway (under 
construction), Caernarvon, and Davis Pond are proposed to be largest of the freshwater 
diversions in the U.S. (Iwai, 2002).  “These three diversion projects alone are projected to 
be able to divert a sum of 39m3/s at maximum discharge or 1% of mean Mississippi River 
flow” (Iwai, 2002) The Caernarvon Freshwater Diversion was finished in February 1991, 
at a cost of $35.9 million, 15 miles below New Orleans. Since it began operating, new 
land, marsh vegetation and oyster production has more than tripled in areas surrounding 
the diversion, when compared to previous reports. The proposed Bonne Carre Freshwater 
Diversion Structure to be located on the east bank of the river is expected to divert 
Mississippi river water into the Lake Pontchartrain Basin. Construction of this $87 
million project has not yet been scheduled.   
The Davis Pond Freshwater Diversion Project is Louisiana’s latest attempt to 
prevent further deterioration of its wetlands.  This structure is located 2 miles south of 
Luling, LA on the west bank side of St. Charles Parish.  It has 4 iron gates; 14’ x 14’ box 
culverts built into the Mississippi River levee.  The diversion has an inflow channel 535’ 
long x 85’ wide which allows direct water into the structure and an outflow channel 
<11,000’ long x 120’ wide which extends behind the structure into the ponded area and 
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into the northern part of Barataria Basin. This multi-million dollar structure began 
operation in 2002, making it the world’s largest freshwater diversion project.  It can 
discharge up to 302m3/s of freshwater (Iwai, 2001).  The diversion structure allows 
freshwater to spread to nearly 3800ha acres of pond area, helping to preserve 
approximately 13,000ha of marsh and 314,000 acres of marshy area (Hall and others, 
2002).  Besides improving marsh stability, it also enhances vegetative growth and 
increases commercial and recreational fish and wildlife production.   
Water released from diversions, rich in nutrients, can affect basins surrounding 
them in both harmful and beneficial ways.  The nutrient-rich water released can 
encourage macrophyte production and play a role in soil stability and marsh accretion as 
observed at Caernarvon. (Mendelson and Kuhn, 1999)  This is due to the addition of 
sediments and nutrients introduced by the mimicking of historical overbank flows into 
the basin isolated from the river.  Diversions could reduce the rate of wetland loss while 
also reducing nitrogen flux to the Gulf of Mexico.  Studies also show that diversions can 
promote freshwater fisheries and improve wildlife in the basins (Iwai, 2001).  In contrast, 
many questions have arisen about the impact of these diversion projects.  Excessive 
phytoplankton (DeLaune et al, 1991), better known as eutrophication, is one of the major 
concerns.  Eutrophication, produced by excess nitrogen, causes a “loss of seagrass 
communities, occurrences of persistent algae blooms, development of hypoxic and anoxic 
conditions in deeper waters and declines in commercially and recreationally valuable 
species,” (Kemp, 1983).   “Eutrophication can lead to the reduction in the use and quality 
of water” (DeLaune, 1991).   
 During the last several decades, eutrophication of coastal environments has 
become a common phenomenon that is likely to intensify due to nitrate levels in the 
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Mississippi River caused by agricultural runoff.  Eutrophication in the estuary itself is 
less likely because environments with turbidity caused by river inputs of suspended 
sediments usually have low phytoplankton productivity due to low light availability 
(Cloern, 1987). Phytoplankton may also respond differently to nutrient additions if 
nutrients are introduced gradually or suddenly, and the response may depend on flushing 
rates, salinity, and cell density (Saksbaug, 1983; Sommer, 1985; Suttle and Harrison, 
1986; Turpin and Harrison, 1980).  Phytoplankton is the most probable source of organic 
matter to increase the respiration rates that deplete oxygen from bottom water masses. 
This could lead to a nutrient imbalance along the gulf’s coast.  Silica is a nutrient limiting 
phytoplankton growth.  A decrease in diatom abundance on the continental shelf could 
follow a decline in silicate supply. An increase in nitrate- nitrogen concentration, 
however, may allow for more efficient diatom growth at lower silicate concentrations 
(Turner and Rabalais, 1991). This could cause a shift in phytoplankton community 
composition to flagellates. If flagellated autotrophy density increase due to higher 
nitrogen and phosphorus loading or increased community oxygen, consumption rates 
may shift higher in the water column, causing diatoms to sink much faster (Turner and 
Rabalais, 1991). This change in phytoplankton community could have an effect on 
primary production, carbon utilization, carbon flux and the upsurge extent or severity of 
hypoxia (Turner & Rabalais, 1998).   
 The Mississippi River discharge containing elevated nutrient levels create a huge 
oxygen-starved, nearly bottom lifeless ocean zone off the Louisiana coast every summer, 
known as the dead zone. This dead zone drives away shrimp and fish, leaving a 
graveyard of oxygen starved clams, starfish, and marine worms.  Between 1993 and 1999 
the hypoxia zone ranged in extent from 13,000 to 20,000 km2 (Rabalais and Turner, 
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2001).  Environmentalists and some scientists are convinced that the dead zone off the 
Louisiana coast has doubled in size since 1993 and now ranks as the Western’s 
Hemisphere largest (Malakoff, 1998).  Some suggests that the hypoxia may have 
potentially severe effects on the biota of the Gulf (Turner and Allen, 1982).  Hypoxia sets 
in when oxygen levels in the isolated bottom water drops below 2 milligrams per liter, 
this is too little to support most marine life.  Anoxia occurs when the bacteria use up the 
rest of the oxygen (Science, 1998).  The hypoxia is most widespread and persistent in the 
summer months of June, July and August, due to the excessive applied nitrogen to 
agricultural fields, amplitude, and timing of the flow and subsequent nutrient loading 
from the Mississippi River Basin (Malakoff, 1998).  The hypoxia in the offshore zone of 
the Gulf of Mexico results at least partially from the separation of the Mississippi River 
from the delta plain.  Whereas the river once spread out over the delta during flood 
periods, it is now mostly shunted directly to the Gulf (Malakoff, 1998). 
1.6 Thesis Objective 
The objective of this project is to quantify processing capacity or nutrient 
removal rate of a 3800ha ponded freshwater marsh where diverted Mississippi River 
water first passes as it enters Barataria Basin and to determine removal rate under 
various pulses or discharge events. 
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CHAPTER 2: MATERIALS AND METHODS 
 
2.1 Site Description 
The Davis Pond Diversion freshwater diversion Structure, consisting of 4 iron 
gated 14’ x 14’ box culverts built into the Mississippi River levee, is located on the west 
bank of St. Charles Parish, two miles below Luling (USACE, 1999).  The structure has 
the capacity of diverting up to 302m3/s of Mississippi River Water into Barataria Basin .   
An inflow channel 535’ long x 85’ wide connects the Mississippi River to the Davis Pond 
Freshwater Diversion Structure and an outflow channel that is more than 11,000’ x 120’ 
wide discharges the diverted waters into the ponding area and ultimately into the 
Barataria Bay estuary (USACE, 1999).   The discharged water flows south through a 
3,400 m long channel under Highway 90 and into a 3,800 ha ponding area bound by 
constructed levees before entering Lake Cataouatche (Iwai 2001).   
The shallow freshwater Lake Cataouatche is located in the northern section of the 
Barataria Basin estuary exhibiting a mean depth of approximately 2m and a tidal range of 
0.03m and an area of approximately 3,800ha (Swenson and Turner, 1998).  Rainfall and 
nutrients by runoff from adjacent upland are its principal inputs (USACE,1999).  
According to the US Army Corps of Engineers, low dissolved oxygen, frequent algal 
blooms and fish kills has ultimately caused the water quality of the area to be 
characterized as poor (USACOE, 1982).  It has been shown in preliminary studies that 
freshwater inputs could improve low dissolved oxygen in some areas (USACOE, 1982).  
On the other hand, additional nutrients in the influent may promote more severe eutrophic 
conditions in the lake (USACOE, 1982).  Lake Cataouatche is as the chief receiving body 
open water for these discharged waters where retention time is significant and 
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transformations occur.   Discharged water reaches the salt marshes of the Barataria Basin 
estuary by flowing though Lake Salvador, located at the southern boundary of Lake 
Cataouatche.   
Louisiana’s Barataria Basin is located directly south and west of New Orleans, 
Louisiana.(LAcoast, 2002)  Its boundaries are the Mississippi River to the north and east,  
Bayou Lafourche to the west, and the Gulf of Mexico by a chain of barrier islands to the 
south (See Figure 2.1).  There are numerous tidally affected marshes located in the 
basin’s southern half.   These marshes are linked to a large bay system behind the barrier 
islands (LAcoast, 2002).  The Barataria Basin includes approximately 1,565,000 acres 
consisting of 152,120 acres of swamp, 173,320 acres of fresh marsh, 59,490 acres of 
intermediate marsh, 102,720 acres of brackish marsh, and 133,600 acres of saline marsh. 
 
                                                           Davis Pond Diversion 
 
Lac Des 
Allemands 
                                                                                          Lake Cataouatche 
 
    Lake Salvador                                                                                Barataria Waterway  
                 
                 GIWW                                                                            
                                                                                                       Mississippi River   
 
                
              Bayou Lafourche 
 
 
Figure 2.1   Map of Barataria Basin showing major water bodies and highways.
Adapted from Iwai, 2002. 
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Barataria Basin is located between Bayou Lafourche to the west and the 
Mississippi River delta to the east.  The bay is surrounded by bayous, canals, channels 
and small embayments in a complex system.  Swamp forests and marshes characterize 
this bay which provides a nursery and breeding ground for migratory birds and a variety 
of recreational and commercial fish species (LAcoast, 2002).  The Davis Pond Diversion 
flows into Lake Cataouatche, southward into Lake Salvador, and into the Barataria Basin 
estuary. 
 A mass balance approach was used in measuring change in concentrations of 
selected nutrients between inlet where diverted water first enter and at an outlet site from 
which water exits the ponded freshwater marsh.  Additional samples were taken from 
Lake Cataouatche which water flows through when waters exit the ponded wetland.  The 
sampling site coordinates were recorded using a global positioning system (Table 2.1).  
Locations of sampling sites are shown in Figure 4.  The inflow channel, where samples 
were taken was from a bridge on Hwy 90, is approximately 2 miles south of Luling, LA.  
This channel directs water from the Mississippi River into the 3800ha receiving marsh.  
The second site was located at the outflow from the 3800ha ponded wetland.  Lake 
Cataouatche, located in the upper part of Barataria Basin, severed as the third sampling 
site (Figure 2.2.).  Samples were collected from September 17, 2002 to February 4, 2004. 
Table 2.1 Sampling Site Coordinates. 
 Inlet Outlet Lake 
Latitude 29E55’01.5” N 29E51’40.5” N 29E51’10.5” N 
Longitude 90E19’3.1” W 90E14’2.5” W 90E13’13.8” W 
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Figure 2.2 Sampling sites.  Adapted from Addison, 1999. 
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2.2 Sample Collection  
Two replicate were taken September 17, 2002 to February 4, 2004 at sampling 
sites during various discharge events for comparing nutrients removal rate between the 
inlet and outlet of the ponded marsh.  The nutrients included: nitrate, ammonia, 
phosphorus, and total organic carbon.  Standard Test for Irrigation Water and ICP 
analysis were also conducted.  Surface water samples collected from the sample sites 
were taken using acid-washed high-density polyethylene bottles.  All samples were stored 
on ice immediately upon collection.    Within 24 hours of collection, the 350-mL samples 
were filtered using .45um glass-fiber filters.    40-mL was frozen for total organic carbon 
analysis and the remainder was refrigerated at 4EC for the other analyses.  All water 
samples were analyzed within one week of collection. 
2.3 Cadmium Reduction Method for NO3 
Cadmium Reduction column, (Wood et al., 1967), was constructed using a 
100mL volumetric pipet plugged with glass wool at the bottom. 80 grams of cadmium 
granules, which must not be exposed to air, was used at the top.   The coated cadmium 
particles reduce NO3- to nitrite (NO2-).  The amount of NO2- produced was determined 
after diazotizing with sulfanilamide and coupling with N-(1-naphthyl)-ethylenediamine 
dihydrochloride to form a highly azoic dye which was measured colorimetrically by a 
spectrophotometer.  Concentration was obtained by plotting absorbance of the standard 
curve.NO3-N concentrations were computed using linear regression or directly from the 
standard curve.  The regression coefficient should be >0.99 for a good quality fit of the 
line and to acquire good data.  The average regression coefficient achieved was .96.  
Measuring absorbance in the ultraviolet range is an expedient method for 
measuring nitrate concentration in some water samples because nitrate absorbs ultraviolet 
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lights directly.  It is labeled a screening method because it is not especially sensitive, and 
dissolved, naturally occurring organic matter and chloride in the water can contribute 
interference (Wood, 1967). In order for this method to work well, concentrations of 
nitrate-nitrogen must be between .1 and about 15 ppm and interference must not be too 
great.  The cadmium reduction method was chosen due because of required sensitivity.  
Applicable range for this method is 0.01 to 1.0 mg NO3--N/L. 
2.4 Salicylate - Hypochlorite Method – NH4-N 
The Salicylate- Hypochlorite Method (Bower and Holm-Hanson, 1980) uses 
indophenol blue in measuring the total ammonium-nitrogen (NH4) in water when it is 
produced by a reaction of ammonia with salicylate and hypochlorite in the presence of 
sodium nitropusside.  This method is used to determine low levels of ammonia in fresh 
water with concentrations of approximately 5ppb to 500 ppb (Bower, 1980).  A 
multipoint standardization curve between the ranges of 0 to 1 mg/L is prepared as a result 
of moderate ammonia present in surface water.  After an incubation time of 1 to 3 hours, 
absorbance is read at 640nm using the spectrophotometer.  Concentration of samples was 
determined by linear regression.  The regression coefficient should be > 0.99.  Samples 
must be discarded with extreme caution due to the high toxicity of ammonia and sodium 
ferricyanide.   
2.5 Ascorbic Acid Method – SRP 
Primarily measuring phosphorus in the form of phosphate (Pot), the Ascorbic 
Acid Method (Eden et al, 1995) also analyzes soluble reactive phosphorus (SRP) because 
some organic phosphorus may also be reactive.   Phosphate, in acid solution, forms a 
yellow complex with molybdate which is gradually reduced to a blue color by ascorbic 
acid with antimony speeding up the reaction. Ten milliliters of both the sample and 
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standard was transferred into an acid-washed test tube using a disposable serological 
pipet.   No more than 20 sample analyses should be made at one time and must be 
analyzed within 24 – 48 hours due to the fact that the ascorbic acid solution must be a 
fresh mixed reagent.  The linear range for this method is up to .5 mg/L, thus a multipoint 
standardization curve between the ranges of 0 to .5 mg/L is prepared.  This method 
suggests that standards should be 0, 0.02, 0.05, and 0.20 mg/L.  The absorbance of each 
sample must be read between 10 – 30 minutes at 880 nm using a Genesys 2 
spectrophotometer.   Absorbance of standard is plotted against known concentration to 
obtain a linear regression in order to solve concentrations of the water sample.  
2.6 Carbon Analysis   
 Total organic carbon analysis was conducted using 40-mL sample using a carbon 
analyzer (Shimadzu TOC-V CSH/CSN). This instrument is capable of measuring total, 
inorganic, total organic, purgeable and non-purgeable carbons and total nitrogen.  It also 
has the ability to cause the occurrence of the oxidation of organic carbon as the 
compounds are passed over a catalyst heated to approximately 680EC (Gambrell, 2003).   
The organic carbon is thus converted into carbon dioxide which is able to be detected 
because it absorbs infrared light.  This instrument is a non-dispersive infrared detector, 
which means that there is no effort to limit the range of infrared light coming from an 
infrared light source and all infrared wavelengths from the source reaches the sample and 
detector.   
2.7 ICP and Standard Test for Irrigation Water Analyses 
 All ground waters and surface waters contain dissolved mineral salts of various 
kinds and quantities, therefore a laboratory analysis must be done in order to obtain 
information on water quality. The irrigation water analyses conducted by the Louisiana 
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State University Agronomy Department include: sodium adsorption ratio (SAR), total 
dissolved solids as measured by electrical conductivity of the water (EC[W]), 
concentration of specific anions, especially bicarbonate, chloride and sulfate, 
concentrations of specific cations, especially sodium, magnesium and calcium, and pH.   
Poor irrigation water quality is frequently the result of excessive amounts of salt (salinity) 
and sodium (alkalinity).  Excess salt has the ability to restrict the potential of plants to 
extract sufficient water from the soil. In addition, excessive amounts of sodium can cause 
soil particles to disperse, thus ruining the soil structure and limiting the movement of 
water and air through the soil.   
Inductively coupled plasma emission spectroscopy (ICP) is an analytical 
technique used to perform spectrochemical analysis.  ICP results are expressed in either 
parts per million or percent by weight.   The concentrations of 18 elements including: Al, 
As, Ca, B, Cd, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sc and Zn in each sample 
solution were detected using a SPECTRO CIRO with an Axial Torch Inductively-
Coupled Plasma Spectrometer (ICP).    
2.8 Calculations 
 Calculations were used to determine removal rates and nutrient reduction 
percentage.  The nutrient reduction percentage is the percentage of nutrients being 
removed from diverted Mississippi river water as it passes from the inlet to the outlet.  
Nutrient reduction percentage was calculated using equation (2.1), 
 
RD%= (( Inlet –  Outlet)/ Inlet)  * 100      (2.1) 
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Removal rates were calculated with equation (2.2), 
 
Removal Rate = ((((Nutrient Concentration of Inlet in 
grams/second*Discharge)*60min.) *60hr)*24days)/1000)/3676 ha ponded area)/10) - 
(((Nutrient Concentration of Outlet in 
grams/second*Discharge)*60min.)*60hr)*24days)/1000)/3676 ha ponded area)/10)                                  
(2.2) 
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CHAPTER 3: RESULTS 
3.1 Nitrate 
The Davis Pond Freshwater Diversion is capable of diverting Mississippi River 
water up to 302.0m3/s.  It first became operational on March 26, 2003 with water 
immediately being introduced into a ponded freshwater wetland at a discharge rate of 
approximately 27.0 m3/s. Below are shown discharge rates over the course of this study 
(Figure3.1).  Change in nitrate concentrations of diverted river water entering and exiting 
the ponded wetland are shown in Table 3.1 for September 2003 – December 2003.  Water 
samples taken on March 27, April 3, April 11, April 24, December 5, and December 12, 
2003 and those taken on January 23 and February 4, 2004 representing various flow or 
discharge  rates.  NO3-N concentrations in the inlet water were 246, 275, 1070, 1073, 
1070, and 1260 mg/m3 with measured concentrations observed at the outlet being 60, 57, 
345, 43, 745, and 660mg/m3 respectively (Table 3.1).   Periods of no pulse or discharge 
occurred on September 17, and December 31, 2002, January 20, March 20, July 3, and 
October 8, 2003.  The NO3-N concentrations observed at the inlet were 44, 67, 84, 61, 
312,  and 223mg/m3 with concentrations observed at the outlet being 9, 17, 47, 30, 27, 
43, and 84mg/m3 respectively (Table 3. 1).  Significant interactions were seen by seasons 
for all the nitrate variables (Figure 3.2). During the period of no discharge prior to the 
opening of the diversion, NO3-N concentrations were moderate ranging from 
approximately 44 to 84mg/m3 at the inlet.   Outlet concentrations during this period 
ranged from approximately 9 to 47mg/m3 with the difference in nitrate concentration 
between the inlet and the outlet water averaging 39mg/m3.  Periods of  medium pulse of 
35 m3/s was exhibited in April 2003 with NO3-N concentrations ranging from 275 to 
1073mg/m3 at the inlet and 43 to 60mg/m3 at the outlet.  
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Figure 3.1 Davis Pond Freshwater Diversion Pulse Events (m3/s). 
This sampling period exhibited the greatest difference between the inlet and the outlet 
averaging 757mg/m3.  Samples taken on April 11, 2003 reveal that NO3-N concentrations 
had soared above 1ppm at the inlet, containing approximately 1070.0mg/m3 with a 
medium pulse of 24.0 m3/s (Figure 3.3).  NO3-N concentrations were the highest at 
1073.0 mg/m3 per day on April 24, 2003 at the inlet and 43.0 mg/ m3 as it passed through 
the system (Table 3.1).  On this day there was an inlet/outlet difference of 1030mg/m3. 
Disc rge m3/s
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Table 3.1 NO3-N Concentrations (mg/m3).  Nitrate Concentrations for Sampling 
Sites and Dates.   Also shows the difference in concentrations between the inlet 
and outlet. 
  Sampling Dates Inlet Outlet Lake 
Difference         
Inlet – Outlet 
± 17-Sep-02 44.02 8.99 7.50 35.03
± 31-Dec-02 67.00 16.70  50.30
± 20-Jan-03 84.20 47.00  37.20
± 20-Mar-03 61.00 29.50  31.50
† 27-Mar-03 245.72 59.55 3.41 186.17
† 3-Apr-03 274.61 56.92 13.89 217.69
† 11-Apr-03 1070.01 45.26 77.34 1024.75
† 24-Apr-03 1073.49 43.48 24.03 1030.01
± 3-Jul-03 311.97 27.22 34.79 284.75
† 26-Aug-03 298.64 43.15 36.82 255.49
± 8-Oct-03 222.74 84.20 25.53 138.54
‡ 5-Dec-03 1070.00 745.00 680.00 325.00
‡ 12-Dec-03 1260.00 660.00 700.00 600.00
  Average 467.95 143.61 160.33 324.34
  Standard Deviation 462.98 249.39 279.96 349.15
 ±   Low Pulse     
 †   Medium Pulse     
 ‡   High Pulse     
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Figure 3.2 NO3-N Concentration Graph. 
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Figure 3.3 April Medium Pulse Events. 
December was a high pulse event with an average discharge of 100m3/s.  
Concentrations found at the inlet for this period ranged from 1070 to 1260mg/m3 while 
those found at the outlet ranged from 660 to 745mg/m3 (Table 3.1).  There was a 
moderate difference shown between the inlet and the outlet averaging approximately 
463mg/m3.  Throughout the month of December, the highest discharges were exhibited 
with pulses reaching greater than 100m3/s (Figure 3.3).  However, this did not occur on 
one of the sampling dates.  The highest sampling date discharge occurred on December 
12, 2003 with a discharge of 78 m3/s (Figure 3.3 and Table 3.2). The high pulse event of 
the aforementioned day played a vital role in the removal rate of NO3-N.  On this day, 
1260.0 mg/m3 of NO3-N was introduced at the inlet.  Due to the high discharge rate of 
78m3/ s, 660.0 mg/m3 of NO3-N was observed at the outlet showing that the nutrients 
were allowed to pass directly through the system without being removed (Table 3.2).  
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Results when compared to other events suggest that flow must be regulated to ensure that 
the freshwater marsh can process all nitrate in the diverted River water passing through 
the system.  When there was no water being diverted, NO3-N concentration of inlet water 
averaged only 132.0 mg/m3, as compared to 756.0mg/m3 periods of high discharge 
(Table 3.2). Removal rates per day at low or no flow periods were not calculated due to 
the fact that there was no discharge.  During the month of December there was a recorded 
removal rate of 0.07 g/m2    NO3-N per day (Table 3.2).  This removal rate occurred with 
an inlet concentration of more than 1ppm of NO3-N. December also exhibited the highest 
removal rate of .14 g/m2.  During this period of high pulse there was an average nutrient 
reduction of 39 percent (Figure 3.5) 
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Figure 3.4 December High Pulse Events. 
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Table 3.2 NO3-N Nutrient Removal.  Removal and discharge rates for each 
sampling date.  Also shown is nutrient reduction percentage for periods of 
low, medium and high pulse.   
 
  Sampling Dates 
Removal Rate 
g m-2d-1  
Nutrient 
Reduction % 
Discharge 
Rate, m3/s  
± 17-Sep-02     
± 31-Dec-02     
± 20-Jan-03  
± 20-Mar-03  
† 27-Mar-03 0.1 76 28
† 3-Apr-03 0.1 79 30
† 11-Apr-03 .08 96 24
† 24-Apr-03 .08 96 25
± 3-Jul-03  
† 26-Aug-03  
± 8-Oct-03     
‡ 5-Dec-03 .07 30 29
‡ 12-Dec-03 .14 48 78
  Average .1 70 20.75
  Standard Deviation 0 21 21.79
 ±   Low Pulse     
 †   Medium Pulse     
 ‡   High Pulse     
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The highest removal rate, when the discharge was at a meduim pulse, was accounted for 
in April. The 3800 ha ponded area removed .08g/m2 per day (Figure 3.5). April exhibited 
concentrations as high as 1 ppm of NO3-N being introduced into the 3700 ha ponded area 
with a NO3-N reduction of 90 percent. The SAS t-test for NO3-N analysis showed that 
there was a significant difference at just below the 1% level between the inlet and the 
outlet with a T-value of 3.28 (Table 3.3).    
3.2 Phosphorus 
   There was not as significant change in Soluble Reactive Phosphorus at the various 
discharge rates between the inlet and outlet as was observed for NO3-N. Phosphorus is 
involved in a number of reactions as it travels across the wetlands.  Phosphorus is usually 
lower in concentration in water leaving the wetland than in water coming into the wetland 
(Patrick 1979).  In general Phosphorus is removed, but transported and transformed as it 
progresses through wetlands.  Samples taken on March 27, April 3, April 11, April 24, 
December 5, and December 12, 2003 and those taken on January 23 and February 4, 
2004, during periods of discharge, had concentrations of 53.0, 60.0, 18.0, 64.0, 81.0, 
80.0, 80.0, and 50.0mg/m3 at the inlet with concentrations observed at the outlet being 
21.0, 24.0, 11.0, 44.0, 62.0, 32.0, 25.0, and 20.00mg/m3 respectively (Table 2). Samples 
taken during periods of no flow on September 17, and December 31, 2002, January 20, 
March 20, July 3, August 26, and October 8, 2003 show concentrations of 58.0, 59.0, 
29.0, 60.0, 90.0, 89.0, and 3.00mg/m3 while concentrations at the outlet were observed to 
be 34.0, 44.0, 29.0, 12.0, 40.0, 45.0, and 57.0mg/m3 respectively (Table3.4).  
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Figure 3.5 Contrast of NO3-N concentrations during periods of high pulse and                   
medium pulse events.
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Table 3.3 SAS STATISTICS for NO3- N.  SAS Statistic t-test for Nitrogen showing 
a significance between the inlet and the outlet. 
  
Difference Lower CL   
Upper 
CL 
Lower 
CL   
Upper 
CL   
  N Mean Mean Mean 
Std 
Dev 
Std 
Dev 
Std 
Dev 
Std 
Err 
Inlet - 
Outlet 11 116.69 363.09 609.5 256.27 366.78 643.67 110.59
Inlet - Lake 11 85.351 347.55 608.74 271.66 388.79 682.31 117..23
Outlet - 
Lake 11 -68.02 -15.55 36.929 54.576 78.109 137.08 23.551
                  
 T – Tests 
    Difference   DF t Value Pr > t|     
    
Inlet - 
Outlet   10 3.28 0.0082     
    
Inlet - 
Lake   10 2.96 0.0142     
    
Outlet - 
Lake   10 -.066 0.5241     
  
SRP results showed seasonal trends with a high summer average of 90.0 mg/m3, 
high winter average 80.0 mg/m3, and a low spring average of 50.0 mg/m3 of SRP 
concentrations (Table 3.4 and Figure 3.7). However, SRP concentrations generally 
decreased as it passed through the 3800 ha ponded wetland area. The sampling date of 
Jan. 23, 2004 had the best removal rate of 0.013g/m2 per day, with a high discharge of 
76.0m3/s (Table 3.4 and Figure 3.7). The month of July also recorded a respectable 
removal rate of 0.012 g/m2 per day during non-flowing periods. Measurement during 
periods of flow showed the highest average SRP removal rate of 0.1 g/m2 per day.  In 
contrast, only 0.03 g/m2 per day was removal during medium flow periods.   
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According to SRP concentration analysis, discharge did not play an important role 
in the removal of SRP (Table 3.5).  During period of medium pulse in April 2003, 
concentrations ranged between 18 and 65 mg/m3 at the inlet to between 11 and 45 mg/m3 
at the outlet (Figure 3.7 and Table 3.4).  The average difference exhibited between the 
inlet and the outlet proved to be a meager 21mg/m3 (Table 3.4).    During high pulse 
events concentrations ranged from 50 to 81mg/m3 at the inlet to between 20 and 62 at the 
outlet. Difference between the inlet and the outlet averaged 38mg/m3.  Phosphorus 
concentrations during this period ranged from 90 to 3.0 mg/m3 at the inlet and 57 to 
12mg/m3 at the outlet (Figure 3.7 and Table 3.4).  Concentrations of SRP were proven to 
be on average higher in the lake than at the outlet.  The lake had an average concentration 
of 43mg/m3 while the outlet exhibited an average of 33mg/m3 (Figure 3.7 and Table 3.4).  
The 3800 ha ponded area proved to be capable of removing some SRP.  Phosphorus 
removal from wetlands is seasonal.   For that reason SRP concentration was observed to 
follow seasonal trends.   The month of January, during the high pulse period, exhibited 
the highest removal rate per day of 0.13 kg/m2 (Table 3.4).  In contrast, April, during the 
period of medium pulse of 24m3/s, had the lowest removal rate of   0.001 kg/m2 of SRP 
per day (Table 3.5). The SAS t-test analysis revealed that there was a significant 
difference of SRP concentrations as a result of the diversion was found between the inlet 
and the outlet (Table 3.6).   
3.3 Ammonia 
There was no significant difference in NH4-N concentrations between the inlet 
and outlet during flow and non flow events.  Differences observed were seasonal.  
Samples taken on March 27, April 3, April 11, April 24, December 5, and December 12,  
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Table 3.4 SRP Concentrations, mg/m3.  SRP concentrations for sampling sites and 
dates.   Also shows the difference in concentrations between the inlet and outlet. 
  Sampling Dates Inlet Outlet Lake Inlet  - Outlet 
± 17-Sep-02 58.34 33.71 76.82 24.63
± 31-Dec-02 59.00 44.00  15.00
± 20-Jan-03 29.00 29.00  0.00
± 20-Mar-03 60.00 12.00  48.00
† 27-Mar-03 52.96 20.50 16.78 32.46
† 3-Apr-03 59.88 23.71 29.87 36.18
† 11-Apr-03 18.00 11.33 25.50 6.67
† 24-Apr-03 64.07 44.47 34.25 19.60
± 3-Jul-03 90.00 40.00 50.00 50.00
† 26-Aug-03 89.00 45.00 46.00 44.00
‡ 5-Dec-03 81.00 61.50 55.00 19.50
‡ 12-Dec-03 80.00 32.00 60.00 48.00
‡ 23-Jan-04 80.00 25.00 35.00 55.00
‡ 4-Feb-04 50.00 20.00 30.00 30.00
  Average 58.28 33.27 42.67 25.01
  Standard Deviation 25.47 15.19 17.07 27.37
 ±   Low Pulse     
 †   Medium Pulse     
 ‡   High Pulse     
 
2003 and those taken on January 23 and February 4, 2004, during the flowing period, had 
concentrations of 65.0, 50.0, 11.0, 3.0, 500.0, 460.0, 200.0, and 123.78mg/m3 at the inlet 
with concentrations observed at the outlet being 150.0, 35.0, 0.0, 7.0, 380.0, 390.0, 150.0, 
and 86.30mg/m3 respectively (Table 3.7).  Samples taken during periods of non flow on 
September 17, and December 31, 2002, January 20, March 20, July 3, August 26, and 
October 8, 2003 show concentrations of  90.0, 110.0, 140.0, 43.0, 50.0, 48.0, and 
106.0mg/m3 while concentrations at the outlet were similar (Table 3.7).  
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Figure 3.6 Contrast of phosphorus concentrations at high and medium pulse. 
 
 
Comparison of Average SRP Concentrations 
of High and Medium Pulse 
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Small concentrations of NH4-N, averaging 65.0 mg/m3 per day, were observed at the inlet 
before the winter month of December 2003 (Table 3.7 and Figure 3.8).  
The high pulse rates in December exhibited the highest average concentration of    
NH4-N with an average of 321.0 mg/m3 per day that flowed into the ponded area (Figure 
3.8).  In contrast, the medium pulse period exhibited the lowest concentrations ranging 
from 3 to 65mg/m3 and averaging 32mg/m3.  NH4-N removal exhibited no relation to 
discharge, but showed seasonal trends.  An average concentration of 48.0mg/m3 was 
measured during the summer at an average discharge of 14.0m3/s.  In the winter months 
NH4-N concentration averaged 98.0mg/m3 at a period of low flow of 0m3/s.  The high 
discharge rates had no effect on NH4-N concentrations. NH4-N concentrations in 
floodwater was its lowest on the sampling date of April 24, 2003, ranging from 3.0 
mg/m3 in the inlet, 7.0 mg/m3 observed in the outlet and 4.0 mg/m3 in the lake.   
However, on this day, concentrations of NO3-N, another form of nitrogen, proved to be at 
its highest (Table 3.7).  The SAS t-test analysis revealed that the only significant 
influence of NH4-N concentrations as a result of the diversion was found between the 
inlet and the outlet (Table 3.8).  The t value found for this set was .52 with the Pr> |t| 
being .6152 (Table 3.8).  This indicated that there was not significance between the inlet 
and the outlet.  In contrast, inlet-lake and outlet-lake value t values indicated that there 
were significance ammonium levels, on an average, decreased with distance from the 
diversion structure.  The levels continued to decrease further into the estuary. 
3.4 Total Organic Carbon 
Total Organic Carbon concentrations show no change in concentration at higher 
discharge rates.   
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Table 3.5 SRP Nutrient Removal.  Removal and discharge rates for each 
sampling date.  Also shown is nutrient reduction percentage for periods of low, 
medium and high pulse. 
  Sampling Dates 
Removal Rate 
g m-2d-1  
Nutrient 
Reduction % 
Discharge 
 Rate, m3/s  
± 17-Sep-02       
± 31-Dec-02       
± 20-Jan-03       
± 20-Mar-03       
† 27-Mar-03 0.003 61 28
† 3-Apr-03 0.003 60 30
† 11-Apr-03 0.001 37 24
† 24-Apr-03 0.002 31 25
± 3-Jul-03       
† 26-Aug-03 
± 8-Oct-03       
‡ 5-Dec-03 .004 24 29
‡ 12-Dec-03 .011 60 78
‡ 23-Jan-04 .013 69 76
‡ 4-Feb-04 0.007 60 71
  Average 0.005 50 20.75
  
Standard 
Deviation 0.004 15 21.79
 ±   Low Pulse     
 †   Medium Pulse     
 ‡   High Pulse     
   
 
 
 42
 
Table 3.6 SAS STATISTICS for SRP.  SAS Statistic t-test for Phosphorus showing 
a significance between the inlet and the outlet. 
  
Difference Lower CL   
Upper 
CL 
Lower 
CL   
Upper 
CL   
  N Mean Mean Mean 
Std 
Dev 
Std 
Dev 
Std 
Dev 
Std 
Err 
Inlet - 
Outlet 13 9.0432 26.308 43.572 20.487 28.57 47.161 7.9238
Inlet - Lake 13 -0.181 16.462 33.104 19.748 27.54 45.461 7.6381
Outlet - 
Lake 13 -20.89 -9.846 1.1945 13.101 18.27 30.16 5.0673
                  
 T – Tests 
    Difference   DF t Value Pr >|t|     
    
Inlet - 
Outlet   12 3.32 0.0061     
    Inlet - Lake   12 2.16 0.0522     
    
Outlet - 
Lake   12 -1.94 0.0758     
 
Samples taken on March 27, April 3, April 11, April 24, December 5, and 
December 12, 2003 and those taken on January 23 and February 4, 2004, during flow 
periods, had concentrations of 4.34, 4.33, 3.79, 3.80, 7.84, 8.49, 7.51, and 7.38ppm at the 
inlet and concentrations observed at the outlet being 11.45, 10.48, 5.19, 5.81, 5.3, 9.08, 
10.02, 8.35, and 6.54 ppm respectively (Table 3.9). The concentrations observed in the 
lake for the previous dates were 14.27, 9.77, 8.10, 7.89, 7.88, 8.79, 8.05, and 8.02 ppm 
respectively (Table 3.9).  Samples taken during periods of no flow on September 17, and 
December 31, 2002, January 20, March 20, July 3, and October 8, 2003 show 
concentrations of  8.81, 5.45, 5.87, 8.81, 8.51, and 10.60 ppm at the inlet while  
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Figure 3.7 SRP Concentration Graph. 
concentrations at the outlet were observed to 11.45, 9.14, 9.23, 11.45, 18.16, and 18.14 
ppm respectively (Table 3.9).   Concentrations observed at the lake for the 
aforementioned dates during the non flow periods were 9.96 and 18.96 ppm. Total carbon 
levels increased with distance from the inlet of the diversion structure.  Concentrations 
were higher at the outlet and in the lake when compared to those at the inlet.  (Figure 
3.9).  During low pulse periods concentrations ranged from 3.79 to 4.34 ppm at the inlet, 
5.0 to 10.0 ppm at the outlet and 8.0 to 14 ppm at the lake (Figure 3.9).     
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Table 3.7 NH4-N Concentrations, mg/m3.  Ammonia concentrations shown 
for each sampling site.  Also shows the difference in concentrations 
between the inlet and outlet. 
 
  Sampling Dates Inlet Outlet Lake Inlet - Outlet 
± 17-Sep-02 89.95 73.03 36.83 16.92
± 31-Dec-02 110.00 61.00  49.00
± 20-Jan-03 140.00 1.00  139.00
± 20-Mar-03 43.00 29.00  14.00
† 27-Mar-03 65.00 150.00 70.00 -85.00
† 3-Apr-03 50.00 35.00 65.00 15.00
† 11-Apr-03 11.28 -2.00 55.00 13.28
† 24-Apr-03 3.22 7.04 4.07 -3.82
± 3-Jul-03 49.85 40.00 46.94 9.85
† 26-Aug-03 48.00 108.00 45.00 -60.00
± 8-Oct-03 105.50 180.00 0.25 -74.50
‡ 5-Dec-03 500.00 380.00 340.00 120.00
‡ 12-Dec-03 460.00 390.00 380.00 70.00
‡ 23-Jan-04 200.00 150.00 23.58 50.00
‡ 4-Feb-04 123.78 86.30 72.55 37.48
  Average 133.31 112.56 94.94 20.75
  Standard Deviation 149.95 124.14 126.28 63.16
 ±   Low Pulse     
 †   Medium Pulse     
 ‡   High Pulse     
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Figure 3.8 NH4-N Concentration Graph. 
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Table 3.8 SAS STATISTICS for NH4-N.  SAS Statistic t-test for Ammonia 
showing a significance between the inlet and the outlet. 
  
Difference Lower CL   
Upper 
CL 
Lower 
CL   
Upper 
CL   
  N Mean Mean Mean 
Std 
Dev 
Std 
Dev 
Std 
Dev 
Std 
Err 
Inlet – 
Outlet 12 -29.08 8.9342 46.947 42.381 59.827 101.58 17.271
Inlet - Lake 12 2.3515 47.28 92.209 50.092 70.712 120.06 20.413
Outlet – 
Lake 12 -3.712 38.346 80.403 80.403 66.194 112.39 19.108
                  
 T - Tests 
    Difference   DF t Value Pr >|t|     
    
Inlet - 
Outlet   11 0.52 0.6152     
    
Inlet - 
Lake   11 2.32 0.0409     
    
Outlet - 
Lake   11 2.01 0.07     
 
During high pulse or discharge period concentrations ranged from 7.38 to 8.49 
ppm at the inlet, 6.54 to 10.02 ppm at the outlet and 7.88 to 8.05 at the lake (Figure 3.9).  
This supports the theory that wetlands are a source for organic carbon.    
Statistical analysis using the SAS t-test, show no significance between the outlet and the 
lake (Table 3.10).  Inlet-outlet and inlet-lake value t values indicated that the 
hypothesized value of 3.57 and 2.2 respectively were large enough due to the large 
negative t-statistic.   
3.5 ICP and Standard for Irrigation Water Analyses 
 ICP analysis shows various nutrient concentrations at the sampling sites (Table 
3.11).   
 
 47
   
Table 3.9 TOC Concentrations, ppm.  Total Organic Carbon 
concentrations and discharge rates for sampling sites and 
dates.  Also shows the difference in concentrations between 
the outlet and the lake.  
 
  Sampling Dates Inlet Outlet Lake 
± 17-Sep-02 8.81 11.45 9.96 
± 31-Dec-02 5.45 9.14   
± 20-Jan-03 5.87 9.23   
± 20-Mar-03 8.81 11.45   
† 27-Mar-03 4.34 10.48 14.27 
† 3-Apr-03 4.33 5.19 9.77 
† 11-Apr-03 3.79 5.81 8.10 
† 24-Apr-03 3.80 5.30 7.89 
± 3-Jul-03 8.51 18.16 17.11 
† 26-Aug-03     
± 8-Oct-03 10.60 18.14 18.96 
‡ 5-Dec-03 7.84 9.08 7.88 
‡ 12-Dec-03 8.49 10.02 8.79 
‡ 23-Jan-04 7.51 8.35 8.05 
‡ 4-Feb-03 7.38 6.54 8.02 
  Average 6.82 9.88 10.80 
  Standard Deviation 2.20 4.10 4.05 
±   Low Pulse    
†   Medium Pulse    
‡   High Pulse    
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 At no discharge periods, managanes(Mn), Potassium(K), sodium(Na), and Sulfur (S) 
show low values as they enter the ponded wetland and higher values as they exiting the 
ponded wetland. During periods of high pulse, Aluminum concentrations ranged from .09 
to .115 ppm at the inlet and .22 to .24 ppm at the outlet.  In contrast during periods of low 
pulse, these concentrations ranged from .29 to .37 at the inlet and .0081 to .01 ppm at the 
outlet.  In the winter months, during all pulse periods, larger amounts of sodium are 
present in the samples obtained from the outlet and lake than those samples taken from 
the inlet (Table 3.11).   Sodium did not follow any seasonal trends and concentrations 
were observed following the same pattern throughout the sampling period indicating that 
the system was a source for sodium.  In low pulse, the ponded wetland served as a sink 
for Sulfur with concentrations ranging from 16.59 to 5.73 ppm at the inlet and from 9.39 
to 14.49 ppm at the outlet (Table 3.11).  During high pulse the system was observed 
acting as a sink with concentrations ranging from .25 to 13 ppm at the intlet and from 2 to 
15 at the outlet.  Calcium levels following the same trend as Sulfur. During low pulse 
events, calcium ranged between 36 and 45 ppm at the inlet and between 33 and 39 ppm at 
the outlet.  In contrast, during high pulse events at the inlet range between 4 and 18 ppm 
and between 10 and 39 ppm at the outlet (Table 3.11).  Iron concentrations were observed 
to be significantly higher during high pulse period (Figure 3.10).  Iron concentration 
ranged from .05 to .1 ppm in inlet water and from .05 to .07 ppm in water at the outlet.    
By comparison, during high pulse events the average concentration was 5.8 ppm with 
concentrations observed being more or less constant throughout the system.  This high 
iron concentration would suggest a large amount of suspended sediment during major 
discharge.  After one month of flow, all elements and nutrients exited at approximately 
the same concentrations exhibited upon entrance, except for calcium.    
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Table 3.10 SAS STATISTICS for TOC.   SAS Statistic t-test for Total Organic 
Carbon showing a significance between the inlet and the outlet. 
 
Difference Lower CL   
Upper 
CL 
Lower 
CL   
Upper 
CL   
  N Mean Mean Mean 
Std 
Dev 
Std 
Dev 
Std 
Dev 
Std 
Err 
Inlet – 
Outlet 11 -5.042 -3.105 -1.167 2.015 2.8838 5.0609 0.8695
Inlet - 
Lake 11 -5.264 -2.616 0.0312 2.7536 3.941 6.9161 1.1882
Outlet – 
Lake 11 -1.621 0.4882 2.5976 2.1939 3.1399 5.5103 0.9467
                  
 T - Tests 
    Difference   DF t Value 
Pr > 
|t|     
    
Inlet - 
Outlet   10 -3.57 0.0051     
    Inlet - Lake   10 -2.2 0.0523     
    
Outlet - 
Lake   10 0.52 0.6173     
 
   Standard Test for Irrigation Water results depict several trends in the attributes 
studied (Table 3.12).  During low pulse events, Alkalinity was observed to slightly 
decrease from the inlet to the outlet with concentrations ranging from 112 to 122 ppm at 
the inlet and averaging 108ppm at the outlet.  On the other hand during periods of high 
pulse, the outlet was observed to be higher than the inlet with concentrations averaging 
80 ppm at the inlet and 107 at the outlet.    Salts resulted in the same trend as Alkalinity.  
During low pulse periods Salts averaged concentrations of 253ppm at the inlet and 248 
ppm at the outlet.  In contrast high pulse periods, concentrations averaged 184 ppm at the 
inlet and 1.2 ppm at the outlet (Table 3.12).  During high pulse events, potassium 
averaged 1.42 ppm at the inlet and 1.84 ppm at the outlet (Table 3.12).   There was an 
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increase in SAR and sodium upon across the ponded wetland (Table 3.12).  This suggests 
that the ponded wetland area is becoming more basic.   Sulfur, Calcium, Magnesium, and 
Potassium were observed to be in the low to medium range according to threshold value 
(Table 3.13 and 3.14).  These nutrients exhibited average concentrations of 13 ppm, 27 
ppm , 10 ppm, 2 ppm respectively. (Table 3.12).  Manganese and Chloride fell within the 
medium to high range with average concentrations of 0.6ppm and 53 ppm (Table 3.13 
and 3.14)   
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Table 3.11 ICP Analysis (ppm) 
  Al As B Cd Ca Cu Fe Pb Mg Mn 
9/17/02 Inlet  .31 .01 1.48 .00 44.93 .03 .05 .02 15.31 .02 
 Outlet .30 .01 1.39 .00 41.94 .03 .05 .01 16.67 .02 
 Lake .30 .02 1.52 .00 23.55 .03 .06 .01 29.86 .02 
12/31/02 Inlet  .30 .02 1.55 .00 43.28 .03 .05 .01 12.50 .02 
 Outlet .30 .02 1.51 .00 35.61 .03 .07 .02 13.27 .02 
3/20/03 Inlet .34 .03 1.41 .00 34.46 .03 .10 .02 9.95 .02 
 Outlet .32 .01 1.33 .00 30.85 .03 .09 .02 13.93 .02 
3/27/03 Inlet  .32 .01 .86 .00 37.36 .03 .06 .02 9.73 .02 
 Outlet .30 .01 1.29 .00 30.04 .03 .06 .01 11.28 .02 
 Lake .31 .01 1.33 .00 30.33 .03 .07 .02 16.63 .02 
4/3/03 Inlet  .31 .01 .95 .00 42.95 .03 .05 .03 12.05 .02 
 Outlet .31 .01 .93 .00 37.45 .03 .06 .01 11.32 .02 
 Lake .31 .01 1.14 .00 33.93 .03 .09 .01 14.16 .02 
4/11/03 Inlet  .31 .01 .97 .00 43.27 .03 .05 .02 12.25 .02 
 Outlet .30 .01 1.18 .00 37.45 .03 .05 .02 11.84 .02 
 Lake .31 .01 1.09 .00 33.93 .03 .12 .03 16.24 .02 
4/24/03 Inlet  .32 .01 .94 .00 43.27 .03 .05 .01 12.93 .02 
 Outlet .30 .01 1.09 .00 37.39 .03 .06 .01 12.41 .02 
 Lake .30 .01 .86 .00 33.61 .03 .07 .03 12.73 .02 
8/26/03 Inlet  .05 .01 .01 .04 43.40 .00 .00 .01 14.80 .01 
 Outlet .04 .01 .01 .04 41.50 .00 .00 .01 15.30 .01 
 Lake .04 .01 .01 .83 39.10 .00 .00 .01 14.50 .01 
12/5/03 Inlet  .11 .23 .16 .04 16.90 0 5.8 .12 3.20 .03 
 Outlet .11 .23 .17 .04 15.70 0 5.8 .12 2.30 .03 
 Lake .10 .23 .16 .04 15.50 0 5.8 .12 2.70 .03 
12/12/03 Inlet  .09 .23 .20 .04 3.80 0 5.8 .12 10.00 .03 
 Outlet .10 .23 .20 .04 9.50 0 5.8 .12 7.60 .03 
 Lake .10 .23 .17 .04 16.70 0 5.8 .12 1.10 .03 
1/23/04 Inlet  .12 .22 1.67 .04 35.00 0 5.74 .12 1.60 .02 
 Outlet .11 .22 1.16 .04 39.00 0 5.77 .12 3.90 .03 
 Lake .11 .24 1.52 .04 41.50 0 5.77 .12 4.70 .28 
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Cont.  Table 3.11 ICP Analysis (ppm) 
  Mo Ni K Se Na S Zn 
9/17/02 Inlet  .02 .01 9.35 .05 22.45 16.05 .07 
 Outlet .02 .01 9.38 .05 31.91 9.39 .06 
 Lake .02 .01 21.12 .05 139.20 19356 .06 
12/31/02 Inlet  .02 .01 9.31 .05 20.84 16.59 .06 
 Outlet .02 .01 9.90 .05 27.88 14.49 .06 
3/20/03 Inlet .01 .01 9.57 .05 19.01 5.73 .06 
 Outlet .02 .01 11.54 .05 37.84 14.24 .06 
3/27/03 Inlet  .01 .01 9.00 .05 17.19 12.37 .07 
 Outlet .02 .01 9.81 .05 25.59 8.13 .07 
 Lake .01 .01 12.80 .05 51.50 18.31 .06 
4/3/03 Inlet  .02 .01 9.48 .05 23.17 15.80 .07 
 Outlet .02 .01 8.80 .05 21.08 13.75 .07 
 Lake .02 .01 10.62 .05 37.95 16.02 .04 
4/11/03 Inlet  .02 .01 9.12 .05 20.70 15.54 .38 
 Outlet .02 .01 8.57 .05 23.99 14.79 .08 
 Lake .02 .01 11.66 .05 46.33 22.38 .13 
4/24/03 Inlet  .02 .01 8.81 .05 19.25 16.39 .08 
 Outlet .02 .01 8.06 .05 21.24 14.01 .08 
 Lake .02 .00 8.34 .05 26.09 14.10 .07 
8/26/03 Inlet  .00 .00 3.10 .02 23.30 18.20 .11 
 Outlet .00 .00 2.30 .01 22.80 17.20 .00 
 Lake .00 .00 2.40 .01 21.60 15.90 .00 
12/5/03 Inlet  .00 .01 1.71 .14 11.04 7.11 .36 
 Outlet .00 .01 2.26 .17 12.35 5.98 .36 
 Lake .00 .01 4.06 .15 22.05 14.67 .37 
12/12/03 Inlet  .00 .01 .10 .16 1.46 .25 .37 
 Outlet .00 .01 .64 .13 4.72 1.94 .36 
 Lake .00 .01 3.74 .13 17.03 12.10 .36 
1/23/04 Inlet  .00 .01 .2.20 .51 17.40 12.40 .30 
 Outlet .00 .01 2.40 .15 19.40 14.20 .20 
 Lake .00 .01 2.40 .13 20.30 15.10 .20 
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Table 3.12 Standard Test for Irrigation Water Analysis Concentrations. (ppm) 
  Alkalinty 
CACO3 
mg/L 
Calcium 
ppm 
Chloride 
ppm 
Conductivity 
µmhos/cm 
Iron 
ppm 
3/20/03 Inlet 117.12 25.64 31.53 338 .02 
 Outlet 82.96 22.43 97.50 553 .03 
3/27/03 Inlet 97.60 27.75 20.58 329 .01 
 Outlet 92.72 20.66 50.90 390 .01 
 Lake 73.20 21.19 136.30 695 .02 
4/3/03 Inlet 112.24 34.08 38.46 437 .01 
 Outlet 102.48 27.87 34.17 385 .00 
 Lake 92.72 23.56 94.40 555 .03 
4/11/03 Inlet 117.12 34.75 32.57 416 .02 
 Outlet 102.48 30.62 40.85 409 .03 
 Lake 73.20 25.08 113.90 644 .13 
4/24/03 Inlet 122 36.86 22.29 407 .03 
 Outlet 112.24 27.44 26.77 386 .02 
 Lake 68.32 24.10 49.03 418 .04 
7/3/03 Inlet 102.48 33.91 51.30 317 .01 
 Outlet 78.08 22.86 149.40 821 .05 
 Lake 73.20 21.79 173.00 918 .03 
12/5/03 Inlet 102.48 31.98 21.24 351 .05 
 Outlet 112.24 34.89 27.71 378 .07 
 Lake 156.16 34.88 28.12 372 .10 
12/12/03 Inlet 102.48 33.26 20.69 322 .17 
 Outlet 107.36 33.94 23.65 343 .10 
 Lake 97.60 32.56 22.99 331 .10 
1/23/04 Inlet 48.80 17.12 35.88 341 .57 
 Outlet 117.12 19.59 7.94 294 .47 
 Lake 117.12 20.07 7.07 281 .46 
2/4/04 Inlet 56.12 12.05 5.31 160 .53 
 Outlet 92.72 16.54 2.81 246 .61 
 Lake 156.16 32.03 84.20 595 .46 
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Cont. Table 3.12 Standard Test for Irrigation Water Analysis Concentration. (ppm) 
  Magnesium 
ppm 
Manganese 
ppm 
pH Potassium  
ppm 
Salts 
ppm 
SAR 
3/20/03 Inlet 8.25 .00 8.03 1.49 216.32 6.37 
 Outlet 12.31 .00 7.93 2.51 353.92 11.52 
3/27/03 Inlet 7.44 .00 7.97 1.13 210.56 5.44 
 Outlet 9 .00 8.17 1.58 249.60 8.61 
 Lake 14.43 .00 7.84 3.04 444.80 14.41 
4/3/03 Inlet 9.92 .00 7.98 1.57 279.68 6.37 
 Outlet 9.24 .01 8.05 1.23 246.40 6.47 
 Lake 10.24 .01 7.84 2.16 355.20 10.83 
4/11/03 Inlet 9.74 .02 8.06 1.50 266.24 5.84 
 Outlet 13.68 .00 7.98 1.22 261.76 6.83 
 Lake 10.81 .00 7.99 2.63 412.16 12.54 
4/24/03 Inlet 9.86 .00 8.18 1.33 260.48 5.31 
 Outlet 10.62 .00 8.04 .90 247.04 6.28 
 Lake .00 .00 8.06 1.15 267.52 8.04 
7/3/03 Inlet .02 .00 7.95 3.78 202.88 .64 
 Outlet 20.16 .00 7.56 3.39 525.44 3.46 
 Lake 13.36 .01 7.48 1.76 587.52 3.80 
12/5/03 Inlet 11.27 .00 7.76 1.67 224.64 .69 
 Outlet  .00 7.69 1.95 241.92 .78 
 Lake 11.29 .00 7.65 1.96 238.08 .77 
12/12/03 Inlet 10 .00 7.70 1.73 206.08 .62 
 Outlet 10.64 .00 7.77 2.01 219.52 .68 
 Lake 10.51 .00 7.77 1.93 211.84 .67 
1/23/04 Inlet 1.98 .05 6.52 1.20 218.24 1.07 
 Outlet 2.67 .04 7.58 1.31 188.16 1.12 
 Lake 2.83 .05 7.51 1.39 179.84 1.16 
2/4/04 Inlet 1.38 .04 7.37 .86 102.14 1.34 
 Outlet 2.34 .04 7.58 1.31 157.44 1.13 
 Lake 6.14 .04 7.67 3.07 380.80 1.73 
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Cont. Table 3.12 Standard Test for Irrigation Water Analysis Concentration. (ppm) 
  Sodium Sulfur 
ppm 
Total Hardness 
3/20/03 Inlet 26.23 5.92  
 Outlet 48.02 14.83  
3/27/03 Inlet 22.82 14.83  
 Outlet 33.15 12.11 97.92 
 Lake 60.80 18.07 106.62 
4/3/03 Inlet 29.88 15.84 99.85 
 Outlet 27.89 13.55 88.58 
 Lake 45.83 16.26 112.25 
4/11/03 Inlet 27.70 15.70 125.85 
 Outlet 30.67 14.54 107.56 
 Lake 55.20 21.80 109.15 
4/24/03 Inlet 25.93 16.22 128.84 
 Outlet 27.14 13.56 116.48 
 Lake 33.93 13.94 118.87 
7/3/03 Inlet 16.50 8.93 136.45 
 Outlet 91.90 11.76 109.04 
 Lake 102.30 13.28 103.83 
12/5/03 Inlet 17.52 13.87 158.52 
 Outlet 20.74 15.88 141.49 
 Lake 20.38 15.93 136.92 
12/12/03 Inlet 15.78 13.35 124.21 
 Outlet 17.80 14.41 128.54 
 Lake 17.26 13.88 124.56 
1/23/04 Inlet 17.55 8.74 50.89 
 Outlet 19.97 9.61 59.90 
 Lake 20.96 9.81 61.76 
2/4/04 Inlet 18.45 5.54 35.77 
 Outlet 18.53 7.87 50.95 
 Lake 40.79 25.45 105.23 
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Table 3.13 ICP Threshold Values. (ppm) 
   Medium-  Medium-  Very 
 Very Low Low Low Medium High High High 
K  18.750 46.875  187.50 750.00 2000.00
Ca  10.000 25.000  100.00 400.00 1000.00
P  5.000 12.500  50.00 200.00  
Mg  5.000 12.500  50.00 200.00  
S  5.000 12.500  50.00 200.00  
Na  5.000 12.500  50.00 200.00  
Fe  1.000 2.500  10.00 40.00  
Mn  0.525 1.313  5.25 21.00  
Al  0.500 1.250  5.00 20.00  
Zn  0.250 0.625  2.50 10.00  
Cu  0.050 0.125  0.50 2.00  
B  0.050 0.125  0.50 2.00  
Mo  0.050 0.125  0.50 2.00  
As 0.20 0.500 2.00  20.00  
Cd 0.03 0.075 0.30  3.00  
Co 0.03 0.075 0.30  3.00  
Cr 0.03 0.075 0.30  3.00  
Ni 0.04 0.100 0.40  4.00  
Pb 0.01 0.250 1.00  10.00  
Se 0.01 0.250 1.00  10.00  
Si 0.25 0.625 2.50  25.00  
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Table 3.14 ICP Threshold Values of Standard Test for Irrigation 
water. (ppm) 
 
Element Low Medium High Very High 
Ca 2.00 40.00 200.00 800.00 
Fe 0.05 1.00 5.00 20.00 
K 0.50 10.00 50.00 200.00 
Mg 0.50 10.00 50.00 200.00 
Mn 0.01 0.20 0.50 4.00 
Na 5.00 100.00 1000.00 2000.00 
S 1.50 30.00 500.00 600.00 
CI 5.00 50.00 100.00 500.00 
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CHAPTER 4: DISCUSSION 
4.1 Nitrogen 
 Nitrate-N concentrations in inlet water ranged on an average from 950.0 mg/m3 in 
the months of April and December 2003 to an average of 167.0 mg/m3 during the 
remaining sampling dates.  Nitrate-N in diverted river water was effecting processed and 
removed by the ponded wetland.  Nitrate levels were lower in waters exiting the ponded 
region as compared to nitrate levels in water entering the wetland.  According to Goolsby 
and Battaglin, 2000, on a seasonal basis, the period of highest nitrate flux to the Gulf is 
usually the spring and early summer, preceding the development of hypoxia in the Gulf 
with agriculture being the major contributor to the river's nitrogen load.    As reported by 
the USGS, nitrate concentrations generally decrease in the summer and fall as stream 
flow and agricultural drainage decrease. Also, the assimilation of nitrate by agricultural 
crops on the land and aquatic plants in streams also aids in decreasing the nitrate 
concentrations in streams during summer months.  Goolsby and Battaglin, 2000 further 
observed that nitrate concentrations in Mississippi River water tend to be highest in the 
late winter and spring when stream flow is highest and lowest in the late summer and fall 
when discharge is low. This causes a direct relationship between concentration and 
discharge indicating that most of the nitrate in these streams is from non-point sources 
(Goolsby and Battaglin, 2000). Furthermore, if the nitrate was predominantly from point 
sources, concentrations would be reduced as discharge increased due to dilution (Goolsby 
and Battaglin, 2000).  In addition, the microbial processes that take place in wetlands are 
biologically determined and as a result are positively correlated to temperature (Lane et 
al, 1999).   According to Lane et al, 1999, this may explain the higher NO2 + NO3 
concentrations during winter due to the fact that these processes, nitrification and 
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denitrification, maybe at their slowest rates.  This study also showed that discharge rates 
played a significant role in the amount of nitrate passing through the ponded freshwater 
marsh.  Close analysis of NO3-N concentration and discharge, revealed that nitrate 
exiting the ponded wetland was controlled by pulsing events. 
 During moderate discharge rates (30 m3/s) during the months of March and April 
observations proved that the ponded system effectively processed and removed NO3-N 
concentrations in the diverted water.  In the month of December, when a high discharge 
rate was present observations showed a portion of the NO3-N passed through the ponded 
system into the lake.  These, observations showed, NO3-N was effectively removed, 
except when the discharge rate exceeded 100m3/sec.  Percentage of nitrate removed 
decreased rapidly with increasing discharge rate.  This is due to plant uptake, 
denitrification and the fact that the nitrate in diverted water did not have sufficient time to 
undergo the microbial mineralization-nitrification-denitrification processes needed to 
successfully remove nitrogen from a wetland system (Patrick, 1979).  As reported in 
numerous studies pertaining to estuarine environments, denitrification is the primary 
factor for much of the reduction of NO2 + NO3 (Lindau and DeLaune, 1991; Nowicki et 
al. 1997).  In a study by de Jong (1976), it was found that the ability to remove nitrogen 
compounds increased with increasing retention time.  According to Thomas et al, 2001, 
one reason for the highly retentive character of the system is the extensive interaction 
between surface and subsurface environments which facilitates retention by providing a 
gradient of redox conditions that sustain various N-transforming processes.  Seasonal 
trends may have also played a role in the removal rate of nitrogen.  In a study by Poe et 
al., 2003 which correlates to that of Xue et al., 1999, it was found that denitrification 
rates in the wetland followed seasonal patterns with maximum removal in the summer 
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with lesser removal rates in the fall and winter.  As reported by Spieles and Mitsch, 2000, 
lowers temperatures in the fall and winter have been shown to limit microbial activity and 
gas diffusion rates.  However, denitirfication can still be very active in the winter.  
According to Strimas and Stoessell (2003), slower microbial growth and degradation 
rates that occur with cooler temperature may cause higher concentrations to remain in the 
system and may also reflect non-riverine freshwater sources. 
 NO3-N was effectively processed or removed by the 3800ha wetland monitored 
in this study.  The results of this analysis shows NO3-N was rapidly reduced as it traveled 
across the 3800ha ponded area.  Even at high loading and moderate discharge rates, the 
3800ha ponded area had the ability to remove a significant amount of nitrogen.  Nitrogen 
is considered to be the limiting nutrient for the growth of estuarine, coastal 
phytoplankton, and hypoxia.  Hypoxia, in the offshore zone of the Gulf of Mexico, major 
contributing factor is the separation of the Mississippi River from the deltaic plain.  The 
Davis Pond Freshwater Diversion could reduce the rate of wetland loss while also 
reducing nitrogen flux to the Gulf of Mexico (LAcoast, 2002). 
4.2 Phosphorus  
 The results indicate that the Davis Pond Freshwater Diversion acted 
conservatively with respect to SRP removal.  In general the 3800ha ponded area acted as 
a sink for phosphorus.  Seasonal trends of high summer and winter concentrations and 
low spring concentrations were observed.  However, there were no significant changes to 
SRP concentrations in relation to discharge rate including those observed during seasonal 
trends.  Loading rates were also analyzed in this study.  Which showed efficient SRP 
removal at modest discharge rate, but removal efficiency decreased rapidly with 
increasing loading rates or discharge rate.  A modest discharge allowed phosphorus to 
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drop out the water column.   Although phosphorus loading and discharge rates show no 
obvious relations, phosphorus loading rates increased in the winter and summer months.  
Phosphorus loading rates have been cited by numerous researchers as a key variable in 
determining phosphorus removal in a wetland (Mitch, 1992).  At low phosphorus loading 
rates, wetlands have the capacity to remove much of the phosphorus applied.  However, 
as the loading rate increased the efficiency rate of phosphorus removal declines rapidly 
(Mitch, 1992).  Higher phosphorus loading rates are generally accompanied by higher 
water loading, so that retention times in the wetlands are reduced and less time is allowed 
for phosphorus removal reactions to occur (Nichols, 1983).  On the sampling date of 
October 8, phosphorus concentrations at the inlet were found to be only 3.00mg/m3. 
However, on this same day, concentrations found at the outlet were found to be 
58.00mg/m3.   This correlates with observations by Patrick (1979) that the system can be 
easily overloaded to the point that no excess phosphorus is removed.  When the soil 
becomes saturated with phosphorus, a shift in the drainage occurs and the system may 
change from a sink to a source for phosphorus.  
 Major mechanisms that influence phosphorus removal from the water column are 
plant uptake, microbial incorporation and soil fixation (Patrick, 1992).  Another major 
factor that affects phosphorus removal is wetland morphology.  As depth in a wetland 
increase, the chance for reactions between phosphorus entering the wetland and the 
wetland soil decrease (Gotterman, 1998).  The highly charged phosphate anion, PO4- is 
readily absorbed by clay and detrial organic particles at high concentrations, while at 
lower concentrations; PO4- is released into the water columns.  Burial is the only 
mechanism by which phosphorus is permanently lost from the system (Richardson, 
1985). 
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4.3 Ammonia 
 The ponded wetland system acted as a source of ammonia during all seasons 
except winter.  Ammonia behaved more conservatively than phosphorus, due to the 
various possible transformations such as nitrification, volatilization, release or uptake by 
plants and organisms.  According to Kemp and Boynton (1984), this was likely caused by 
the regeneration of NH4 by the decomposition of organic matter.  The reduction of NO2 + 
NO3 to NH4 may have also played vital roles.  In order to obtain energy, fungi and 
bacteria decompose organic material, thereby releasing nutrients in dissolve organic and 
inorganic forms (Day et al., 1989).  The concentration of NH4-N showed a seasonal 
pattern, with a maximum concentration of 500mg/m3 occurring in the inlet within the 
winter month of December and minimum concentration of approximately 3.0mg/m3 
occurring in the inlet during the month of April.  High levels of ammonium in the water 
or sediment could adversely affect water quality in the river and adjoining estuary.   
Measured ammonia concentrations showed no relation or only a weak positive 
association with discharge. Seasonal variations and the relations of nutrients and 
pesticides to discharge generally corresponded with nonpoint-source loadings.  Analysis 
indicated decreases for ammonia concentrations at several sites. 
4.4 Total Organic Carbon 
 The wetland system acted as a source for carbon.  The summer months had the 
highest concentrations observed with the highest concentration of approximately 
19.0ppm being observed on July 3 at the outlet.  In contrast, spring months exhibited the 
lowest concentrations.  The lowest outlet concentration was observed on April 3 with a 
concentration of approximately 5.0ppm.  Carbon is a vital parameter due to the fact that it 
has the ability to influence many of their other functions, for instance the nitrogen cycle. 
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Wetlands are often carbon sinks.  When left undisturbed carbon storage is greater than 
carbon release.  However, if they are disturbed they can become carbon sources. 
According to IISDnet: 
 
In terms of greenhouse gases, wetlands can either be 
sources or sinks of carbon dioxide (CO2), methane (CH4) 
and nitrous oxide (N2O). Because of their complex 
biogeochemistry, they may function as sinks for one gas 
while acting as sources for others. Wetlands may also 
change from sinks to sources due to anthropogenic impacts 
such as increased nutrient loading, draining, infilling, 
flooding, burning, and vegetation change. 
 
4.5 ICP and Standard Test for Irrigation Water  
 Irrigation and ICP water analyses showed the least fined seasonal trends of all the 
parameters studied.  Few conclusions can be drawn from the data.  All nutrient elements 
were observed to fall within the low to medium or high to medium range.  Alkalinity 
along with ammonia-nitrogen and carbon dioxide are naturally found in water.  
Ammonia-nitrogen is normally present in surface and ground water (Renn, 1970).  Other 
nutrients such as manganese, nitrate, and phosphate, in excess cause eutrophication.  This 
process causes aquatic plants, algae and other nuisance plants to begin overpopulating 
which can deplete the oxygen in the water resulting in fish death (Renn, 1970).  Iron, 
silica, sulfate, sulfide, and zinc may occur in natural water at different concentrations.  
Iron can be present in trace to large amounts.  Silica is necessary for diatoms and sources 
of silica include the decomposition of aluminum or from a basin in which the stream 
drains (Renn, 1970).  Sulfide is sometimes formed in subsurface waters of a stratified 
lake as a result of bacterial action on organic matter under anaerobic conditions (Renn, 
1970).  Another quality of water is hardness measured as CaCO3.  Total hardness of 
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water is a combination of calcium and magnesium.  Water is known as soft if it is in the 
range of 0-60 ppm, medium-soft if it is in the range of 60-120 ppm, hard it in the range of 
120-180 ppm, and very hard if observed to exceed 180 ppm.  Cu, Zn, Cd, Pb, and Ni are 
associated with industrial waste.   If cooper is in a body of water it may have come from 
copper brass or bronze pipe and fittings.  In this study, trace amounts of copper was 
present, however, the copper concentration either slightly decreased or remained constant 
as it passed during the system for high and low pulse periods.   
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CHAPTER 5: CONCLUSION 
 The results of this study show that discharge or pulse rate of the diversion 
influenced amounts of nitrate exiting the ponded freshwater marsh.  Results show that the 
concentration of nutrients processed by the system depends in part on pulsing rates and 
seasonal trends. However, the rate at which these nutrients were removed or retained was 
multiple and complex.  Nitrate levels were lower in waters exiting the ponded region as 
compared to nitrate levels in water entering the wetland. Periods of a medium pulse of 35 
m3/s was exhibited in April 2003 with NO3-N concentrations ranging from 275 to 
1073mg/m3 at the inlet and 43 to 60mg/m3 at the outlet.  Although phosphorus loading 
and discharge rates show no obvious relations, phosphorus loading rates increased in the 
winter and summer months.  Wetlands acted as both sinks and sources for numerous 
nutrients and discharge rates had varying effects.  The ponded wetland system acted as a 
source of ammonia during all seasons except winter and carbon.  Concentrations were 
higher at the outlet and in the lake when compared to those at the inlet for Carbon. For 
instance, it can be concluded that nutrients were unable to be completely processed 
during high pulse or flow rates.  Microbial processes have vital roles in the rate at which 
wetlands remove nitrogen and phosphorus from water flowing through them.  This study 
revealed the effect of pulsing rates or discharge and seasonal trends on various nutrients 
that pass through the wetland system. SRP results showed seasonal trends with a high 
summer average of 90.0 mg/m3, high winter average 80.0 mg/m3, and a low spring 
average of 50.0 mg/m3 of SRP concentrations. The concentration of NH4-N showed a 
seasonal pattern, with a maximum concentration of 500mg/m3 occurring in the inlet 
within the winter month of December and minimum concentration of approximately 
3.0mg/m3 occurring in the inlet during the month of April.   Knowledge of the discharge 
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rates, microbiological processes, and seasonal trends are critical for defining nutrient 
management strategies and ensuring maximum removal of nutrients and the success of 
the diversion structure.   It is imperative that superior management practice and 
guidelines are induced in operation of the diversion to insure maximum removal and at 
the same time slow or reverse land loss.  According to USACE: 
 With the Davis Pond Freshwater Diversion 
Structure, Louisiana’s latest attempt to combat further 
decay of its wetlands and improve wetland ecosystems, 
operational it has become apparent that the causes of 
accelerated wetland loss are multifaceted and manifold.  
The Davis Pond diversion has been projected to, over the 
next 50 years, conserve approximately one square mile a 
year of wetlands.  It is also predicted to restore millions of 
dollars of commercial and recreational fishing areas by 
delivering nutrients and stimulating biological productivity.   
However, the diversion can not completely save the 
Barataria Bay, which is still estimated to lose 11 square 
miles a year.   
 
 During the last several decades, eutrophication of coastal environments has 
become a common phenomenon that is likely to intensify due to nitrate levels in the 
Mississippi River caused by agricultural runoff.   The main concern of the diversion 
structure is the risk of loading excessive nutrients mainly nitrogen.  .However, this study 
shows that the nitrogen processing capacity of the system will greatly reduce the amount 
of nitrogen reaching the lower portion of the Barataria Basin when the appropriate pulse 
rate is applied.  
  This conclusion requires further investigation given that this was the diversion 
first operational year and many complications arose.  For example, the diversion was shut 
down between May and late June in order to increase the salinity in the estuary for the 
shrimp farmers.  Assessments of the capacity of the system to process and assimilate 
nutrients is multifold and long term evaluations must be performed in order to adequately 
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assess the capacity of freshwater marsh to process nutrients in diverted Mississippi river 
water.   
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